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Title: Marine Craft 

The present invention relates to marine craft having an impact protection arrangement. In 
particular, the present invention relates to marine Graft capable of planing and which have an 
impact protection system: ■ - 

5 By the term "marine craft capable of planing", is meant marine craft which can obtain 
hydrodynamic lift by virtue of their speed across a body of water, rather than their lift being 
provided primarily by buoyancy. 

Up to now, marine craft which are capable of planing have not been provided with any means 
of absorbing crash energy from high speed frontal impacts in a predictable and controlled 

1 0 manner. In order to plane, many marine leisure craft are capable of 30 knots (55 km/h) or 
more, hence impact closing speeds can be in excess of 60 knots (111 km/h). Such impacts 
may occur when title marine craft collides with another craft, with a jetty or with rocks, and 
can result in the sinking of the marine craft and serious injury to the helmsman and any 
passengers on board the craft People on board marine craft often stand up, and those seated 

15 are generally not restrained with safety belts. Consequently, sudden deceleration of a marine 
craft due to a collision can cause people to be thrown over board. 

Whilst frontal collisions are perhaps of most concern, collisions to the rear or a side of a 
marine craft may also result in injuries to occupants and severe damage to the craft, even 
though the impact speeds are generally lower. In respect of side impacts in particular, 

20 considerable deformation of the hull may be incurred through the intrusion of a bow of 
another craft. When hulls of small marine craft were made exclusively of wood, intrusion 
of die bow of another craft, even perpendicular to the gunwale, could result in considerable 
elastic deformation, but the wood would quickly spring back to its original shape without 
lasting damage. For all their maintenance advantages, more modern marine craft building 

25 materials, such as plastics or fibre reinforced plastics, are more liable to crack under impact. 
Thus even a relatively low speed impact to the side of a marine craft could result in the hull 
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cracking and ultimately lead to the craft sinking. 

It is known from US 3,598,077, to provide a marine craft with an inflatable bow structure 
fitted externally of the main rigid bow and which is intended for cushioning the hull 
structure against wave impacts. An inflatable structure of this type would not be suitable for 
5 protecting the occupants of a marine craft from deceleration due to collisions; not least 
because of the strong likelihood of a sudden peak in deceleration as the inflatable structure 
burst on contact with another vessel or with a fixed obstruction. The structure requires large 
quantities of air to be supplied under pressure to maintain it in the inflated state. It is, 
therefore, principally intended for use in a craft having a hovercraft type inflatable outer skirt 

10 providing lift by virtue of air pressure supplied by fans, where the fans can also inflate the 
bow structure. Application of an inflatable bow structure to a conventional rigid hull craft 
capable of planing would require the use of fans specifically to inflate the bow. This would 
add significantly to the weight of the craft and would be a drain on the available power. 
Furtiiermore, the inflatable structure would increase the overall dimensions of the craft 

15 without improving its functionality in terms of additional storage space or vessel 
components. 

* It is an object of the invention to provide a marine craft capable of planing in which the risk ' 
of sinking the craft as a result of a collision is reduced. 

It is a further object of the invention to provide a marine craft capable of planing in which 
20 the deceleration forces on the craft and its occupants during a collision will be lessened, thus 
reducing the risk of an occupant being injured or thrown over board. 

According to the broadest aspect of the invention, there is provided a marine craft capable 
of planing, the marine craft comprising a hull and a passenger area generally within the hull, 
characterised in that a means for absorbing impact energy is provided between the hull and 
25 the passenger area. 



Preferably, the passenger area is spaced inwardly from at least a portion of the hull and the 
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means for absorbing impact energy is located between the passenger area and the portion of 
the hull. 

Preferably, the means for absorbing impact energy is a deformable structure. More 
preferably, the deformable structure is mounted between the hull and a structural component 
5 of the craft, which may be positioned adjacent a peripheral region of the passenger area. . 
Advantageously, the structural component may be a bulkhead which separates the passenger 
area from at least a portion of the hull. In such an arrangement, it is particularly advantageous 
if the bulkhead is adapted to prevent, or at least to resist, movement of water into the 
passenger area from the hull portion. 

10 In a preferred embodiment, the deformable structure comprises at least one deformable tube 
which extends between the hull and the. structural component, a first end of the or each tube 
being associated with the hull, and a second end of the or each tube being associated with the 
structural component. 

Preferably, the deformable structure comprises two or more deformable tubes extending 
1 5 between the hull and the structural component, the arrangement being such that at least two 
of the "tubes extend at an angle relative to one another such that their first ends are further 
apart than their second ends. The at least two tubes may extend at an angle of up to and 
including 30 degrees to each other and in particular, the at least two tubes may extend at an 
angle of up to and including 20 degrees to each other. 

20 Preferably, the first end of the or each tube is tapered, such that the cross sectional area of the 
tubes reduces towards the hull. 

"Where ttie deformable structure comprises two or more deformable tubes extending between 
the hull and the structural component, the structure may further comprise bracing means to 
resist lateral movement of the tubes towards one another during an impact. 



The or each tube may be manufactured from a metal material such as steel, stainless steel, 





o 
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4 



aluminium or aluminium alloy. The material may extruded and may be heat treated. 
Alternatively, the or each tube may be manufactured from a plastics, or a reinforced plastics, 
or a composite material. 

Preferably, the or each tube has at least one internal web extending over at least part of its 



In an alternative preferred embodiment, the deformable structure comprises at least one 
deformable plate which extends between the hull and the structural component. Preferably, 
the deformable structure comprises a plurality of spaced apart, deformable plates, each of 
which extend between the hull and the structural component. The or each plate may be 
10 aligned generally vertically of the craft or generally horizontally of the craft. 

The or each plate may be substantially planar or corrugated. Where the deformable structure 
comprises two or more corrugated plates, the plates may be arranged such that the troughs 
and peaks of adj acent plates meet. 

Where the deformable structure comprises two or more plates extending between the hull and 
15' the structural component, bracing means may be provided to resist movement of the plates 
towards each other during impact. Preferably, the bracing means comprises a further plate 
extending between adjacent plates. 

The or each plate may be made of a metal, or a plastics, or a reinforced plastics, or a 
composite material. 

20 In a further alternative embodiment, the deformable structure comprises a cellular material, 
such as expanded polystyrene or polyurethane foam. The cellular material is preferably 
bonded to the hull and the structural component. 



5 length. 



Preferably, the hull defines a bow portion and the, or a, means for absorbing impact energy 
is located between the bow portion and the passenger area. 




Preferably, the hull defines a stern portion and the, or a, means for absorbing impact energy 
is located between the stern portion and the passenger area. 

Preferably, the hull defines a side portion, and the, or a, means for absorbing impact energy 
is located between the side portion and the passenger area. 

5 Preferably, the hull defines a bow portion and a transverse bulkhead is provided which 
separates the passenger" area from the bow portion, the , or a, deformable structure being 
mounted between the bow portion and the transverse bulkhead. 

Preferably, the means for absorbing impact energy is adapted to absorb all or some of the 
impact energy in a predictable and controlled manner. 

10 The invention will now be described, by way of example only, with reference to the 
accompanying drawings in which: 

is a diagrammatic, perspective view of a first embodiment of a marine craft 
in accordance with the invention* in which a deformable structure is mounted 
in the front of the craft, some hidden detail being omitted for clarity; 

is a diagrammatic, plan view of a front portion of the marine craft of Fig 1; 

is a diagrammatic, side view of a front portion of the marine craft of Figs 1 
and 2; 

is a sectional view through a tube forming part of the deformable structure of 
the marine craft of Figs 1 to 3; 

is a view similar to that of Figure 2, showing a modification to the 
deformable structure of the first embodiment; 



Figure 1 

15 Figure 2 
Figure 3 

Figure 4 

20 Figure 5 
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Figure 6 is a diagrammatic a side view of the modified deformable structure of Fig. 5; 



Figure 7 is an enlarged cross sectional view of a tube forming part of the modified 

deformable structure, taken on line B-B of Figure 6; 

Figure 8 is a viewsimilar to that of Fig. 1 , showing a second embodiment of a marine 
5 craft in accordance with the invention, having an alternative form of 

deformable structure; 

Figure 9 is a view similar to that of Fig. 1 , showing a third embodiment of a marine 
craft in accordance with the invention having a yet further alternative form of 
deformable structure; and 

10 Figure 10 is a view similar to that of Fig. 1, showing a fourth embodiment of a marine 
craft in accordance with the invention having a still further alternative form 
of deformable structure. 

Referring firstly to Figs 1 to 4, a first embodiment of a marine craft in accordance with the 
• present invention is generally indicated at 10. The craft has a hull 12 which defines a bow 

15 portion 14 and a stem portionl6. The craft also has a bow top 1 8 (shown detached from the 
marine craft) for enclosing the bow portion. A passenger area of the craft 10 is indicated 
generally at 20. The passenger area 20 is located within the hull and is separated from the 
bows 14 by a structural bulkhead 22, which is positioned transversely in the craft 1 0 between 
the sides of the hull 12. Preferably, a water tight seal is formed between the edges of the 

20 bulkhead and the hull 12 and the bow top 18 (when fitted), to prevent, or at least to resist, 
water from entering the passenger area 20 from the bows should the bows become flooded, 
for example, in the event of the bows rupturing during a collision of the craft. 

A deformable or crushable structure, indicated at 25, for absorbing impact energy is located 
between the bow portion 14 of the hull and the passenger area 20. The deformable structure 
25 25 comprises a pair of collapsible tabes 24, a first end of the tubes being connected to the 




bows 14, and a second end of the tubes being connected to the transverse bulkhead 22. A 
structural cross, member or brace 26 is connected transversely between the tubes 24. The 
brace 26 provides stability to the structure 25 and prevents the tubes 24 from simply being 
bent or deflected towards each other in the case of a frontal impact which is offset from the 
5 centre line of , the craft. 

The tubes 24 are manufactured from extruded aluminium and are designed to progressively 
deform, whilst absorbing energy, in a predictable and controlled manner during a frontal 
impact of the craft. The extruded aluminium tubes may be heat treated, for example by 
tempering, to improve their mechanical properties and to reduce the risk of the tubes tearing 
10 or splitting during an impact. 

Extruded aluminium or aluminium alloy is the preferred material for the tubes because the 
high level of control which is possible in manufacture means that the tubes can have a very 
repeatable and predictable energy absorbtion performance. Also aluminium has good 
corrosion resistance in salt water environments. Nevertheless, the tubes 24 can be made from 
15 any suitable material such as steel, stainless steel, other metals, composite materials, or 
plastics, including fibre reinforced plastics. 

As.can be seen from Figure 4, the tubes 24 have a hexagonal cross section, with two webs 
28,30 respectively joining the first and third, and fourth and sixth internal vertices of the 
hexagon. The webs 28, 30 extend along the length of the tubes and increase the amount of 
20 energy which can be absorbed for a given length of tube. The webs also act to stabilize the 
section against bending. 

Although the tubes 24 have been described as being hexagonal in cross section, tubes of any 
suitable cross section can be used. For example the tubes 24 may be circular or oval in cross 
section. Furthermore, the structural cross member or brace 26 may have the same cross 
25 section as the tubes 24 or it may have a different cross section. 

As indicated at 27 in Figure 3, the top and bottom of each of the tubes 24 are tapered 
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inwardly towards the hull from close to the point at which the tubes are connected to the 
cross member 26. The ends of the tubes closest to the hull thus have a reduced cross sectional 
area, which means that deformation of these ends can be initiated at a reduced load compared 
with the rest of the tubes. This helps to ensure that the tubes start collapsing from the outer 
5 ends, thus absorbing impact energy in a controlled manner over the maximum length of the 
tubes 24. jei-s-™ - ' - — e 

During an impact, the tubes 24 will progressively buckle and deform along their length 
absorbing some or all of the impact energy in a predictable and controlled manner. This 
reduces the deceleration levels experienced by the occupants and minimises deformation in 
10 the passenger area. It will be apparent that the structural bulkhead 22 must be designed with 
sufficient strength to resist the axial loading required to initiate buckling of the tubes 24. 

Figures 5 to 7, show a modified deformable structure 25' in which the tubes 24' connected 
between the transverse bulkhead 22 and the bows 14 are splayed outwardly from the 
longitudinal centre line 125 of the craft by an angle <x and the structural member 26 1 connects 
15 the forward end of each tube 24 ! . 

' By angling the tubes 24' outwardly as shown, the deformable structure is better able to cope 
with impacts which occur at an angle to the bows such as that indicated by the arrow C. In 
the arrangement shown in Figures 1 to 4, where the tubes 24 extend parallel to the 
longitudinal centre line of the craft and to each other, there is a risk that an angled impact 
20 may cause the whole structure 25 to be deflected sideways rather than to crumple. This risk 
is reduced or eliminated by angling the tubes 24' outwardly. 

It has been found that an angle a of up to fifteen degrees, and in particular an angle a of up 
to ten degrees, is effective in causing the tubes 24 1 to crush longitudinally where a collision 
C occurs at an angle of up to thirty degrees from the centre line 125, whilst still being 
25 effective in a head-on collision. Considered another way, the tubes 24' are arranged such that 
they are angled outwardly relative to one another by an angle of up to thirty degrees, and in 
particular by an angle of twenty degrees. 
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In- the modified structure 25', the tubes 24' have a circular cross section; as is -shown in Figure- 

7, with parallel spaced webs 28', 30' extending along the length of the tubes, again to 
increase the amount of energy which can be absorbed for a given length of tube. As is 
indicated at 27', the outer ends of the tubes are tapered inwardly towards the hull. 

5 Although the tubes 24' have been described as being circular in cross section, this is not 
essential and the tubes 24 f can be of any suitable cross section. For example the tubes 24' 
could be oval in cross section with curved or flat sides or the tubes could be polygonal in 
cross section as with the tubes 24 in Figures 1 to 4. In the modified structure 25', the 
structural cross member or brace 26' is of rectangular cross section as can be seen from 
10 Figure 6. 

Whereas in the embodiments described above, the deformable structures 25, 25' comprises 
two tubes extending between the hull and the bulkhead, this is not essential and more or less 
than two tubes can be used as required. 

Further embodiments of the invention will now be described with reference to Figures 8 to 
15 10. The same reference numerals have been used to designate parts of the marine craft which 
: are common to all of the embodiments, including the hull 12, the bows 14, the stem 16, the 
structural transverse bulkhead 22 and the passenger area 20. 

A further embodiment of a marine craft in accordance with the invention is indicated at 3 1 
in Figure 8, and comprises a deformable structure 32, mounted between the transverse 

20 bulkhead 22 and the bows 14. The deformable structure 32 incudes three generally vertically 
aligned, deformable plates 34,36,38 which are spaced apart and extend between the hull and 
the transverse bulkhead. The plates 34, 36, 38 are aligned generally parallel to each other and 
- to the longitudinal axis of the craft. The central plate 36 is in alignment with the central axis 
of the craft 31 and extends from the transverse bulkhead 22 to the tip of the bows 40. The 

25 other plates 34,3 8 are positioned on either side of the central plate 36. A brace 44, in the form 
of a transverse plate, connects the ends of the outer deformable plates 34,38 to the central 
deformable plate 36 and resists movement of the deformable plates towards each other during 
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an impact which is offset from the centre line of the craft. The deformable plates 34, 3 6; 3 8 * 
are designed to crumple or buckle in the event of a frontal impact, so as to absorb some or 
all of the impact energy in a controlled and predictable manner. Although the deformable 
structure 32 is shown as having three deformable plates, this is not essential and more or less 
5 than three plates can be used as required. 

Indicated at 45 in Figure 9, is a yet further embodiment of a marine craft in accordance with 
the invention which includes a deformable structure 46. In this figure the bows 14 of the 
craft 45 have been omitted, in order to show the deformable structure 46 more clearfy. 

The deformable structure 46 comprises three deformable, corrugated plates 48 which are 
10 arranged generally horizontally of the craft and which extend between the transverse 
bulkhead 22 and the bow portion 14 of the hull 12. In the embodiment as shown, the 
corrugations are aligned parallel with the longitudinal axis of the craft 45. In an alternative 
arrangement (not shown), the corrugations are aligned perpendicular to the longitudinal axis 
of the craft 45. 

In the present embodiment, three corrugated plates 48 are positioned one above the other, 
and adjacent plates 48 are connected together where peaks 50 and troughs 52 in the 
corrugations of the respective plates 48 meet. The plates 48 can be made of any suitable 
material such as metal, plastics, reinforced plastics or composite materials and are designed 
to crumble or buckle in the event of a frontal impact, so as to absorb the impact energy in a 
controlled and predicable manner. Although the present embodiment uses three corrugated 
plates, this is not essential and more or less than three plates can be used as required. 

In a final embodiment, shown in Fig 10, a defonnable structure 54 is provided by filling the 
area between the transverse- bulkhead 22 and the bows portion 14 of the hull 12 with a • 
deformable cellular material 52, for example expanded polystyrene or polyurethane foam. 
The cellular material 52 is bonded to the bulkhead 22 and the inside of the bows 14 and acts 
as a buoyancy aid, as well as a deformable structure 54 for absorbing impact energy in a 
collision. A bow top 18 is also shown detached from the marine craft 51 as in Fig 1. 
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* ' '-M the deformable structures 25,25', 32;46*or 54 are designed- 

to buckle or deform in a typical head-on or near head-on impact collision. In buckling or 
deforming, the deformable structures 25, 25*, 32, 46 or 54 absorb impact energy in a 
controlled and predictable manner, so as to reduce to some extent the rate of deceleration of 
5 the craft. In the event of a collision, the structural transverse bulkhead 22, which extends 
between tlie sides' of the water craft hull 12, transmits deceleration forces to the craft, and 
maintains the integrity of the passenger area 20, thus reducing the risk of the craft sMcing. 
Whilst the deformable structures have been shown as being mounted between the hull and 
a structural bulkhead, this arrangement is not essential to the invention. For example, the 
10 deformable structures could be mounted between the hull and any suitable structural 
component of the craft which is capable of resisting the load required to initiate deformation 
of the deformable structure and of transmitting the deceleration forces to the craft. The 
structural component could, for example, be a frame member of the craft positioned adjacent 
a peripheral region of the passenger area. In such an arrangement, a watertight bulkhead may 
15 also be provided to seal the passenger area from the hull in the region of the deformable 
structure. Furthermore, the structural component need not be a single integral component but 
could comprise of a number of discrete structural elements. For example, in the deformable 
" structures 25, 25', each of the tubes could be mounted to a separate frame member. 

Although the embodiments described above are shown in the front of the craft and are 
20 arranged to reduce the effects of frontal collisions, any of those embodiments may be readily 
adapted to be built into the stem of the craft. 

In addition, deformable structures similar to those described above can be provided between 
the passenger area and a side portion of the hull. For example, deformable tubes 24 or 24', 
deformable plates 34, 36, 38, or 48, or deformable cellular material 52 could be positioned 
25 between -a-side region of the hull 12 and the passenger area to reinforce the sides o£the«hull. ■ 
As discussed above, modem marine craft building materials are more prone to cracking under 
• impact than traditional wood materials. It is therefore desirable to limit hull deformation, not 
only to limit deceleration forces on passengers, but also to maintain the buoyancy of the 
vessel. Plastic reinforcing tubes, corrugated plates or foam all offer good deformation 
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characteristics and are particularly suited for use in this area. 



It should be noted that the term "marine craft" is intended to include amphibious craft within 
its scope, even though the marine craft shown in the Figures are all depicted as small boats 
of conventional shape. 
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'""'"CLAIMS — 



1 . A marine craft capable of planing, the marine craft comprising a hull and a passenger 
area generally within the hull, characterised in that a means for absorbing impact 
energy^ is provided between the hull and the passenger area. 

5 2. A marine craft as claimed in claim 1 , in which the passenger area is spaced inwardly 
from at least a portion of the hull and the means for absorbing impact energy is 
located between the passenger area and the portion of the hull. 

3. A marine craft as claimed in claim 1 or claim 2, in which the means for absorbing 
impact energy is a deformable structure. 

10 4. A marine craft as claimed in claim 3, in which the defoimable structure is mounted 
between the hull and a structural component of the craft. 



5. A marine craft as claimed in claim 4, in which the structural component is positioned 
adjacent a peripheral region of the passenger area. 

6. A marine craft as claimed in claim 4 or claim 5, in which the structural component 
15 is a bulkhead which separates the passenger area from at least a portion of the hull. 

7. A marine craft as claimed in claim 6, in which the bulkhead is adapted to prevent, or 
at least to resist, movement of water into the passenger area from the hull portion. 

8. A marine draft as claimed in any one of claims 4 to 7, in which the deformable 
stxuc1xire"co£nprises at least one deformable tube which extends between the hull and 

20 the structural component, a first end of the or each tube being associated with the 

hull, and a second end of the or each tube being associated with the structural 
component 



o 
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■ 9. A marine craft '^'claimed in ^ the deformable structure comprises 

two or more deformable tubes extending between the hull and the structural 
component, the arrangement being such that at least two of the tubes extend at an 
angle relative to one another such that their first ends are further apart than their 
5 second ends. 

10. A marine craft as claimed in claim 9, in which the at least two tubes extend at an 
angle of up to and including 30 degrees to each other. 

11. A marine craft as claimed in claim 9 or claim 10, in which the at least two tubes 
10 extend at an angle of up to and including 20 degrees to each other. 

12. A marine craft as claimed in any one of claims 8 to 1 1, in which the first end of the 
or each tube is tapered, such that tihe cross sectional area of the or each tube reduces 
towards the hull. 

13. A marine craft as claimed in any one of claims 8 to 12, in which the deformable 
1 5 • structure comprises two or more deformable tubes extending between the hull and the 

structural component, the structure further comprising bracing means to resist lateral 
movement of the tubes towards one another during an impact. 

14. A marine craft as claimed in any one of claims 8 to 1 3, in which the or each tube is 
manufactured from a metal such as steel, stainless steel, aluminium, or aluminium 

20 alloy. 

15. A marine craft as claimed in claim 14, in which the or each tube is manufactured 
■ from a metal which is extruded: ■ " 



16. 



A marine craft as claimed in claim 14 or claim 15, in which the or each tube is heat 
treated. 



o 
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17. " A 'm^n6braft as claim 

manufactured from a plastics, or a reinforced plastics, or a composite material. 

18. A marine craft as claimed in any one of claims 8 to 17, in which the or each tube has 
at least one internal web extending over at least part of its length. 

5 19. A marine craft as claimed in any one of claims 4 to 7, in which the deformable 
structure comprises at least one deformable plate which extends between the hull and 
the structural component. 

20. A marine craft as claimed in claim 19, in which the deformable structure comprises 
a plurality of spaced apart, deformable plates, each of which extend between the hull 

10 and the structural component. 

21. A marine craft as claimed in claim 19 or claim 20, in which the or each plate is 
aligned generally vertically of the craft. 

22. A marine craft as claimed in claim 19 or claim 20, in which the or each plate is 
aligned generally horizontally of the craft. 

15 23 . . A marine craft as claimed in any one of claims 1 9 to 22, in which the or each plate 
is substantially planar. 

24. A marine craft as claimed in any one of claims 19 to 22, in which the or each plate 
is corrugated. 

■ * 25. A marine craft as claimed in claim 24, in which the deformable structure comprises - 
20 two or more corrugated plates arranged such that the troughs and peaks of adjacent 

plates meet. 



26. 



A marine craft as claimed in claim 20, or any one of claims 21 to 25 when dependent 



o 
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- on claim 20, in which bracing means4s~provided tcr resist movement of the plates 

towards each other during impact. 

27. A marine craft as claimed in claim 26, in which the bracing means comprises a 
further plate extending between adjacent plates. 

5 28. A marine craft as claimed in any one of claims 1 9 to 27, in which the or each plate 
is made of a metal, or a plastics, or a reinforced plastics, or a composite material. 

29. A marine craft as claimed in any one of claims 3 to 7, in which the deformable 
structure comprises a cellular material, such as expanded polystyrene or polyurethane 
foam. 

10 30. A marine craft as claimed in claim 29, when dependent on claim 4, in which the 
cellular material is bonded to the hull and to the structural component. 

31. A marine craft as claimed in any previous claim, in which the hull defines a bow 
portion and the, or a, means for absorbing impact energy is located between the bow 
portion and the passenger area. 

15 32. A marine craft as claimed in any previous claim, in which the hull defines a stem 
portion and the, or a, means for absorbing impact energy is located between the stem 
portion and the passenger area. 

33. A marine craft as claimed in any previous claim, in which the hull defines a side 
portion, atid the, or a, means for absorbing impact energy is located between the side 
20 • portion-atid the passenger area. - 



34. 



A marine craft as claimed in any one of claims 3 to 33, in which the hull defines a 
bow portion and a transverse bulkhead is provided which separates the passenger area 
from the bow portion, the, or a, deformable structure being mounted between the bow 
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portion aiidthe transverse bulkhead. ^ ' " ' ' ' mK ~'"' " 

35. A marine craft as claimed in any previous claim, in which the means for absorbing 
impact energy is adapted to absorb all or some of the impact energy in a predictable 
and controlled manner. 

5 36. A marine craft substantially as hereinbefore described with reference to and as 
illustrated in Figures 1 to 4, or Figures 5 to 7, or Figure 8, or Figure 9, or Figure 10 
of the accompanying drawings. 
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. .ABSTRACT, . . . ...... 



Marine Craft Impact Protection 



(fig. 1) 

Marine craft 10 has a crushable frontal impact protection structure 25, comprising 
5 transverse bulkhead 22 protecting passenger area 20; longitudinal crushable tubes 24; and 
transverse member 26. Webs 28 and 30 strengthen tubes 24, which may be made of 
extruded, heat treated duminium; stainless steel; or plastic. Tubes 24 9 in figs. 5 to 7 are 
splayed, to improve protection against angled impacts C. The forward ends of tubes 24 
are tapered (27, fig. 3) to initiate deformation. Tubes 24, 26, and 24' may be hexagonal, 
10 round, or oval in cross-section. Fig. 8 shows longitudinal bulkheads 34, 36, and 38, and 
transverse bulkhead 44 in place of tubes 24, 26. Fig. 9 shows longitudinal corrugated 
sheets 48; these may be mounted transversely. Fig. 10 shows bow area 14 filled with 
deformable cellular foam, to act as a buoyancy aid if hull 12 is breached. Side and rear 
impact protection is also disclosed. 
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